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PREFACE 

Tne following is the twelfth Progress Report on the 

National Aeronautics and Space Administration Research Grant 

NsG-138-6 1, e n t i t l e d  “Low-Power , Low-Speed Data Storage and 

Processing Techniques. ’’ It covers the period between September 1, 

1966 and March 1, 1967. 

The work w i l l  be covered by descr ipt ive repor t s  ou t l in ing  

the progress and d i rec t ion  of the  research and w i l l  s t a t e  i n  simple 

terms the  inportant  ccnclusions. 

be published in  a s e r i e s  of Technical Notes as soon as they are 

completed . 

Detailed technical s tud ies  w i l l  

L JI 
TRichard Clark Barker ’ 

Director 
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STATEVWT OF OBJECTIVES 

The purpose of t h i s  research is to improve the technica l  

capabi l i ty  t o  perform memory functions i n  spacecraf t .  

includes spec ia l  purpose, preprogrammed memories, memories t h a t  

perform data-analysis functions, and general-purpose memories, 

i n c l  ud.in g con tent-  aGdres sed and command-addressed pierno 1: ies . 

'ihe study 

A t  the  present t i m e ,  the  demands of spacecraft  development 

schedules requi re  ea r ly  commitment to  developed memories and well- 

e8 tablished c i r c u i t  techniques. 

is deslgned t o  bring together t he  newest techniques and materials 

i n  a manner re levant  t o  spacecraft  appl icat ion so t h a t  improvements 

i n  memory designs can be rea l ized  from b a s i c  technical  advances as 

rap id ly  as possible. 

va r i e ty  of spacecraf t  missions. 

'Ihe research covered by t h i s  gran t  

The r e s u l t s  should b e  applicable t o  a wide 

An important p a r t  of the  study is t o  assemble information on 

a va r i e ty  of memory techniques so tha t  it w i l l  be ava i lab le  t o  

NASA instrumentation groups and associated groups planning space 

experiments. 
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SUMMARY OF WORK FOR THE PERIOD SEPTEMBER 1, 1966-MARCH 1, 1967 

Memory Techniques 

The design of a memory or iented data management system has continued, 

la rge ly  in the  hands of H. K. Kim. 

iacorporating a set of b i t  plane encoders i n t o  a telemetry system. 

are considering the case of e i g h t  experiments encoded through a cen t r a l  

encoding memory i n  a hypothetical  system having the overa l l  specif ica-  

tions of  an AXM? s a t e l l i t e .  

and two are sp in  synchronized. 

including synchronization and time, are provided f o r  i n  the ove ra l l  

telemetry sequence. 

provides f o r  adapti-re sharing of time among the e igh t  experiments, and 

provision is  made f o r  the transmission time of these e i g h t  t o  expand In to  

t h e  t i m e  w e d  by t h e  fixed-format experiments on a p r i o r i t y  bas i s .  

We are considering the problem of 

We 

Six of the experiments are clock synchronized 

Real-time da ta  and fixed-format da ta ,  

The block assigned to  the bit-plane encoded data  

The above system is control led by an ins t ruc t ion  set  and a program 

s to red  i n  a program memory. 

sequence, and regulates the loading, monitoriiig, a b  e x d i n g  ef the .six 

experiments i n t o  segments of the  data  processing memory. 

reformatted i n t o  8 b i t  words f o r  transmission. 

The program generates the bas ic  telemetry 

A l l  data  is 

So f a r ,  w e  have worked out  the algorithms f o r  control  of the 

telemetry sequence, the in s t ruc t ion  set, and the program f o r  carrying 

ou t  the sequence. 

ments, s e l ec t ing  the encoding options, and removing lower order  b i t s  f o r  

t o t a l  b i t - r a t e  control.  

This includes monitoring the b i t  plane encoded experi- 

The problems t o  be  solved are:  1. the buffer  design, 2. the  use 

of b u f f e r  l e v e l  as a method of total bit r a t e  control as  opposed t o  

scanning t he  da t a  before  processing i n t o  the buf fer ,  3. the comparative 
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advantage of software and hardware i n  accomplishing various phases 

of the da ta  processing. 

A preliminary repor t  on the results obtained t o  date is presently 

being wr i t t en  and should be ready fo r  discussion i n  a month o r  so. 

demonstration b i t  plane encoded memory system is still not qu i t e  complete. 

We expect t o  have a l l  circuits complete and all bugs worked out  before 

June. 

The 

Ferrites 

We have continued out study of re laxat ion processes i n  polycrystal- 

l i n e  f e r r i t e s ,  which are relevant  t o  t h e  nondestructive readout of 

ordinary to ro ida l  cores, and devices such as the biax memory element. 

Experimentally, the problem has been t o  work out  instrumentation f o r  

making high-speed f lux  - t i m e  measurements near  the rise and f a l l  times 

of f a s t  pulses. The s i g n a l  processing m u s t  be s u f f i c i e n t l y  noise  f r ee  

to  permit quan t i t a t ive  da ta  t o  be taken. Also, s ince  w e  are t ry ing  t o  

take quan t i t a t ive  da t a  from a sampling osci l loscope,  the s igna ls  m u s t  be  

repetitive and free from t i m e  j i t t e r .  

p a t t e r n  required. 

mission l i n e ,  discharged by a reed switch which has a l a rge  amount of 

t i m e  j i t ter .  

t o  so lu t ion ,  w e  are managing t o  g e t  some useful data.  

instance t h a t  w e  can separa te  the relaxat ion i n t o  three components with 

d i f f e r e n t  t i m e  constants, whose relative contr ibut ions depend on the  

remanent state of the core and the dimensions of the pulse used t o  pro- 

duce i t .  Our objec t ive  i s  t o  cor re la te  these propert ies  with the  physical 

processes taking place and the NDR propert ies  of the  materials. 

There is usually a complex pulse 

One of the  s ix  pulses is usually derived from trans- 

I n  s p i t e  of these problems, which have not  yielded e a s i l y  

W e  f ind ,  f o r  
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From the theore t ica l  standpoint, w e  have been studying the theory 

of e l a s t i c i t y ,  and magnetoacoustic resonance. It appears t ha t  magneto- 

elastic energy may play a s ign i f i can t  pa r t  i n  the switching process 

along with anisotropy, exchange, and magnetostatic energy. From the 

theory of magnetoacoustic waves, we expect acoust ic  waves t o  be driven 

by sp in  waves of the same energy and wave number. 

conditions and anisotropic  polycrystal l ine materials, i t  is not possible  

to ca lcu la te  the magnetoelastic spectrum exactly.  

es t imate  however, t h a t  the polycrystal l ine na ture  of the material results 

i n  the  generation of a broad spectrum of sp in  waves, and the magneto- 

acous t ic  resonances are se lec t ive ly  exci ted via the  na tu ra l  geometrical 

resonances. 

With f i n i t e  boundary 

It is our present 

In  connection with our tunneling experiments on s ing le  c rys t a l s  , 
w e  have examined some of our th in  p l a t e l e t s  i n  a microwave spectrometer 

t o  check the qua l i t y  of the  c rys ta l s .  

m i l l i m e t e r  across,  and less than 1000 Angstroms thick.  

25kmc) w e  have found a surpr i s ing ly  l a rge  anisotropy i n  the linewidth 

which follows the  cubic symetry of the c rys ta l .  This phenomenon has 

n o t  been reported i n  the l i t e r a t u r e  before  t o  our  knowledge. There are 

a number of theo re t i ca l  predict ions of angular dependence of l i n e  width 

which do no t  f i t  our  results even qua l i t a t ive ly .  

l i k e l y  explanation is the anisotropy of the magnetoelastic coupling 

coe f f i c i en t s .  Quite  unexpectedly, therefore ,  there  is a c lose t i e  

between this work and our  s tud ies  of ferri te switching properties.  

paper report ing our r e s u l t s  is just  being sen t  ou t  f o r  publication. 

The p l a t e l e t s  a r e  one ha l f  t o  one 

A t  k-band (about 

We bel ieve t h a t  the 

A 
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T u n n e l i .  
4 

Before December, t h e  f i r s t  d r a f t  o f  the  doctoral  t hes i s  by A. J. 

Gruodis was writ ten.  It is centered on J-V cha rac t e r i s t i c s  due t o  

in su la to r  po ten t i a l  b a r r i e r s  and the  contributions due t o  the band 

s t r u c t u r e  of the electrodes.  The chapter t i t les  and subheadings of t h i s  

report  give a f a i r l y  good idea of the na ture  of t he  work t o  be reported. 

Electron Tunneling Through Po ten t i a l  Barriers 

Between Normal Metal Electrodes 

Table of Contents 

I. Introduction 
11. Tunneling Equation 

I V .  Probabili ty of Tunneling 
111. Density of S ta t e s  

4.1 The simplified W.K.B. method 
4 . 1 . 1  Mean b a r r i e r  height approximation 
4.1.2 
4 .1 .3  
4 . 1 . 4  
4 .1 .5  
4 . 1 . 6  Effects  of various approximations 
Probabili ty of tunneling f o r  the  discontinuous po ten t i a l  
function 

Tunneling from the Fenni sur face  assumption 
Trapezoidal Barrier approximation - low voltage region 
Trapezoidal Barr ier  approximation - high voltage region 
Trapezoidal Barr ier  - d i r e c t  in tegra t ion  

4 .2  

V; Tunneling cur ren t  
5 . 1  Derivation of the b a s i c  equations 

*Q 5 . 1 . 1  Derivation of J 

5 .1 .2  Derivation of J(V,T) and, J ( V )  
5 . 2  Effect  of D(Ex) assumptions on J A 

5 . 2 . 1  

5 . 2 . 2  Evaluation of the various assumptions 
Effect of the assumptions f o r  D(Ex) on the J-V cha rac t e r i s t i c s  

n 

In tegra t ion  of equation f o r  J, and the behavior of the 
integrand 

5 . 3  

VI. 

5 . 4  Energy band e f f e c t s  
5 . 4 . 1  Narrow band calculat ions 
5 . 4 . 2  Multiple band e f f e c t s  

Experiments 
6 . 1  Oxide e f f e c t s  

6 . 1 . 1 .  Effec t ive  a rea  
6 .1 .2  
6 . 1 . 3  Oxide conductivity 
6 . 1 . 4  Oxide bridges 

Slope and curvature on b a r r i e r  s ides  
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6.2 Energy band e f f e c t s  
6.2.1 Nickel 

6.2.1.1 Thin films 
6.2.1.2 Single c rys ta l s  

6.2 . 2 Junctions with B i  

6.3.1 Preparation of samples 
6.3 Experimental procedures 

6.3.1.1 Thin fi lm 
6.3.1.2 Single c rys ta l s  

6.3.2.1 I-V slow var ia t ion  
6.3.2.2 I -V pulsed 
6.3.2.3 dI/dV vs V curves 

6.3.2 Measurements 

V I I .  Summary 
V I I I ,  Recommendations f o r  fu ture  work 
Appendix A 
Appendix B 
Appendix C 
Appendix D 
Appendix AA 
Re feme ces 

Our experimental setup has been i n s u f f i c i e n t  t o  dupl icate  a l l  of the 

experiments being done by the most prominent research groups i n  e lec t ron  

tunneling research. 

l i q u i d  nitrogen (77'K). 

visions f o r  pumping to  low pressures,  which w i l l  reduce the temperature 

from 4.2' t o  ~ 5 z u r  1,s R. 

We have not  been able  t o  go t o  temperatures below 

This requires a helium dewar system with pro- 

0 We have not  been equipped to  do second 

der iva t ives  of J with respect to V, which are capable of detect ing very 

small anomalies i n  the tunnel current. This requires  a system f o r  

applying a modulation voltage to the var iab le  d-c b i a s ,  a second harmonic 

reference generator,  a lock-in amplifier f o r  detect ing the 2 

cur ren t  component, and the necessary per ipheral  amplifiers f o r  pu t t ing  

nd harmonic 

t h e  d a t a  on an x-y recorder. We have been operating with an analog 

computation d i r e c t l y  from a low frequency t r i angu la r  wave of t he  junction 

cu r ren t ,  Third, w e  have not been equipped to  do experiments i n  high 

magnetic f i e l d s .  
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Although w e  a r e  fundamentally in te res ted  i n  l a rge  e f f ec t s  a t  room 

temperatures, from the device point of  v i e w ,  these extended measurement 

techniques are necessary to check our predictions and to  show the 

existence of e f f ec t s  even though they may be s m a l l .  

A new sample configuration has been worked out  for use In a magnetic 

f i e l d  where the working space is very small. 

with the  magnets which e x i s t  In  the laborator ies  of our colleagues. 

F a c i l i t i e s  fo r  low temperature measurements and f o r  second harmonic 

measurements are i n  the planning stage. 

We hope t o  be able  t o  work 


